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Abstract: Field imaging spectrometer can be used to analyze growth information of individual and group
crop relying on its data advantage with combination image and spectra as one, so it has great application
potential in agricultural quantitative research. In this research, hyperspectral images of corn and soybean
in different growth period were collect using visible and near-infrared imaging spectrometer (VNIS), and
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spectra of four components as illuminated soil, shadow soil, illuminated vegetation and shadow vegetation

were gradually extracted, then spectral vegetation index was constructed based on different sensitive bands.

On the basis, through analyzing bands correlation between chlorophyll density and spectral vegetation index,

those influences for different components on chlorophyll density inversion of crop were explored. Some

results can be found that when spectral information came from mixed canopy including vegetation and soil,

sensitive bands for chlorophyll density were red light and near -infrared light. When soil spectra was

removed, sensitive bands enlarged and showed in blue and green light region, and when spectra of shadow

leaves were removed, sensitive bands indicated that visible light bands increased and near -infrared light

bands decreased, there was the highest determination coefficient in red light region. Those change

characteristics had same trend in different crops, this paper has important meaning for exploring inversion of

biochemistry parameters on crop using data with combination image and spectra as one.

Key words: analyzing image and spectrum;
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Fig.1 External view of VNIS
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Tab.1 Planting information of corn and soybean

Crop type Cultivars Growth stage Growth days Sowing day Height/cm Canopy structure
) Big bell 50-54 July 8, 2010 65
Jingdan28 Compact type
c Small bell 36-40 July 23, 2010 65
orn
) Big bell 50-54 July 8, 2010 60 .
Jingke25 Semi-compact type
Small bell 36-40 July 23, 2010 45
Flowering 60-65 July 8, 2010 28 )
Zhonghuang30 ) Horizontal type
Branching 30-40 July 23, 2010 24
Soybean .
Flowering 60-65 July 8, 2010 30
Zhonghuang13 . Compact type
Branching 30-40 July 23, 2010 26

xR 2 HEEKR KEMIELH
Tab.2 Planting layout of corn and soybean in the field

Jingdan28(8) Jingdan28(23) Jingke25(8) Jingke25(23)

Zhonghuang30(8) Zhonghuang30(23) Zhonghuang13(8) Zhonghuangl3(23)

Experimental road

Jingdan28(8) Jingdan28(23) Jingke25(8)  Jingke25(23)

Zhonghuang30(8) Zhonghuang30(23) Zhonghuang13(8) Zhonghuang13(23)
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Fig.2 2D plots of determination coefficients (R?) between soybean chlorophyll density and different spectral indices

(DSI, NDSI, RSI, SASI, OSASI)
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Note: al -a5 represent 2D plots between chlorophyll density and different spectral indices from mixed soybean vegetation spectral

reflectance; b1-b5 mean the results of pure soybean vegetation; c1-c5 imply the results of illuminated soybean vegetation. Fig.

3 and Fig.4 are same to Fig.2.
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Tab.3 Determination coefficients, selected wavelengths and sensitive spectral ranges between soybean

chlorophyll density and different spectral indices

Wavelength Wavelength

Sensitive spectral ranges

(R>>0.71) Change range

Spectral index R? A/nm \2/nm
DSI 0.85 722 926
DSI-1 0.81 730 921
DSI-2 0.84 503 684
NDSI 0.74 727 922
NDSI-1 0.78 730 921
NDSI-2 0.80 710 711
RSI 0.77 716 926
RSI-1 0.80 706 926
RSI-2 0.81 710 711
SASI 0.74 727 922
SASI-1 0.78 730 921
SASI-2 0.83 503 684
OSASI 0.74 727 922
OSASI-1 0.78 730 921
OSASI-2 0.81 503 684

700-756,890-950
700-755,890-960
700-750,890-930
712-740,889-928
700-750,890-950
700-750,889-920
700-750,890-940
520-750,890-940
480-740,910-930
700-740,890-920
700-740,890-920
680-690,890-920
700-740,890-950
700-740,890-950
700-750,890-950

440-500,680-700
440-505,660-690
505-699
450-505,680-712
520-550
480-699
660-690
450-505
520-570
440-505,660-690

Note: DSI, NDSI, RSI, SASI, OSASI represent spectral reflectance of mixed soybean vegetation (soil and soybean vegetation), respectively.
DSI-1, NDSI-1, RSI-1, SASI-1, OSASI-1 mean spectral reflectance of pure soybean vegetation(removed soil spectra), respectively.

DSI -2, NDSI -2, RSI-2, SASI-2, OSASI-2 show spectral reflectance of illuminated pure soybean vegetation (removed spectral
information of soil and shaded targets), respectively. Tab.5 and Tab.6 are same to Tab.4.
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Tab.4 Validation models, R? and RMSEs of
chlorophyll density using different
spectral indices

Spectral index Equation R? RMSE
DSl y=0.961x-1.808 0.713 17.60
DSI-1 y=1.026x-3.436 0.699 17.54
DSI-2 y=0.441x+4.289 0.618 18.06
NDSI y=1.186x-6.180 0.684 17.98
NDSI-1 y=1.074x-3.956 0.711 17.94
NDSI-2 y=1.874x+72.74 0.827 32.02
RSI y=1.020x-2.307 0.720 6.26
RSI-1 y=0.968x-1.644 0.786 5.89
RSI-2 y=0.976x-1.139 0.827 12.89
SASI y=0.800x+0.834 0.684 18.82
SASI-1 y=1.064x-3.838 0.710 18.05
SASI-2 y=0.442x+4.271 0.616 23.20
OSASI y=1.026x-3.276 0.684 18.15
OSASI-1 y=1.070x-3.909 0.711 18.00
OSASI-2 y=0.443x+4.275 0.612 23.11

Note: Detailed meanings of some parameters listed in Tab.1.
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Fig.3 2D plots of determination coefficients (R?) between corn chlorophyll density and different spectral indices

(DSI, NDSI, RSI, SASI, OSASI)
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Tab.5 Determination coefficients, selected wavelengths and sensitive spectral ranges between

corn chlorophyll density and different spectral indices

Sensitive spectral ranges(R?>0.51)

Change range

750-760,860-880
440-510,605-695
440-750,935-965
420-520,730-910
430-550,750-920

440-510,605-695

420-440,730-910
430-440,750-920

. Wavelength ~ Wavelength
Spectral index R? Al/nmg /\2/nmg

DSI 0.69 757 867
DSI-1 0.59 507 689
DSI-2 0.46 508 689
NDSI 0.53 453 953
NDSI-1 0.66 453 757
NDSI-2 0.51 439 767
RSI 0.59 422 953
RSI-1 0.67 439 954
RSI-2 0.58 423 953
SASI 0.51 423 954
SASI-1 0.52 731 742
SASI-2 0.45 508 690
OSASI 0.53 423 953
OSASI-1 0.54 731 734
OSASI-2 0.47 679 681

420-450,920-950 -

420-500,750-950 750- 920
420-450,750-950 750-920
420-750,920-960 -

700-740,890-920 890-920

700-740,890-950 -
710-820 740-820

HARFRIREA AR S F PR RS N & et Ka,
ER, S P B I 21 A% BEAE 953 nm % 45 SR 1T fig
S FH7E FH TE) AT O, 5 5 b 40 R A 5 0 L e J 2
A STERE IR . FLATA S8 SORE X R FE Y 15
g U BUR B RE A R — R R 7R
TEAR A S, X AR R A R AR U B AL A
(453 nm)-41.(757 nm) MIZL-£1.(731 nm, 734 nm) , &%
SCHK 3014 757 nm 1 722 nm FE AR AT A B A TR
4 i 2P, 225 Sk [21] #1750 nm Al 720 nm E
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b5 O S5 A4 SR S RS SR AL, 7E R
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o3 T WE T R YR 2%
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Fig.4 2D plots of determination coefficients (R?) between crop chlorophyll density and different spectral indices

(DSI, NDSI, RSI, SASI, OSASI)
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Tab.6 Determination coefficients, selected wavelengths and sensitive spectral ranges between crop

chlorophyll density and different spectral indices

Spectral index R? sz\vlellsnmgth Wi:/;/lsrr;gth Sensitive spectral ranges(R?>0.71) Change range
DSl 0.63 734 955 730-740,920-960 -
DSI-1 0.59 739 817 700-740,760-830 880-930
DSI-2 0.57 509 689 500-510,690-700 -
NDSI 0.62 732 956 400-430,700-750 915-965
NDSI-1 0.61 716 718 700-730,890-950 -
NDSI-2 0.51 427 947 410-430,700-750 805-920
RSI 0.70 732 954 700-750,920-950 520-560
RSI-1 0.69 436 933 420-450,920-950 -
RSI-2 0.58 420 934 420-450,925-950 -
SASI 0.62 733 956 700-750,920-960 400-450
SASI-1 0.58 710 923 700-740,890-920 -
SASI-2 0.56 509 690 505-512,690-705 -
OSASI 0.60 733 956 607-740,925-960 -
OSASI-1 0.59 718 719 710-750,890-920 -

OSASI -2 0.55 508 690

500-505,690-705 -
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sensing identification of plant structural types based on
3 g:él: 'L/k\. multi-temporal and  bidirectional canopy spectrum [J].
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